Growth during the first years of life in relation to type of feeding in infancy was retrospectively studied in an unselected population-based group of 297 children who had been diagnosed with Type i (insulin-dependent) diabetes mellitus before the age of 15 years (probands) and 792 individually-matched referent subjects. Reliable data were collected from child welfare clinics. Probands weighed slightly less at birth but their weight gain at 6, 9, 18 and 30 months of age was significantly greater (p < 0.02) than that of referent children. The weight gain of children who had never been breast-fed was more marked than that of breast-fed children; this was found for both probands and referent children. But also among exclusively breast-fed children ( > 2 months), probands gained significantly more in weight from birth up to 18 and 30 months of age than exclusively breast-fed referent children. Early weight gain appears to be a risk factor for development of Type i diabetes. The lower weight gain in breast-fed compared to non-breast-fed children may explain the protective effect of breast feeding against Type 1 diabetes observed in several studies, [Diabetologia (1994) 37: 91-94] Key words Type i (insulin-dependent) diabetes mellitus, aetiology, early growth, breast feeding.
There is a close connection between insulin secretion and growth in children [1] as an adequate insulin supply is needed for normal growth. Insulin seems to have both a direct effect and an indirect effect via insulinlike growth factors [2] .
There have been numerous studies regarding growth in children at the time of and after the clinical onset of Type 1 (insulin-dependent) diabetes mellitus [3] [4] [5] [6] [7] . It is well known that growth is seriously impaired in Type i diabetic patients with very poor metabolic control [8] . In patients with reasonably good metabolic control varying results in growth after onset of Type 1 diabetes have been observed [3] [4] [5] 9] .
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Corresponding author: Professor J.Ludvigsson, Department of Paediatrics, Faculty of Health Sciences, University Hospital, S-581 85 Link6ping, Sweden diabetes. Baum et al. [10] compared diabetic and nondiabetic children regarding weight gain during the first year of life and found that children who develop Type 1 diabetes are heavier at certain stages in infancy. Blom et al. [11] concluded from an incident case referent study that children (especially boys) who later develop diabetes tend to be slightly but consistently taller, although not heavier, than matched referent children from early childhood up to the year of clinical onset of Type 1 diabetes.
Breast-feeding has in some studies been shown to have a protective role in development in Type 1 diabetes [12, 13] while other studies have failed to confirm this result [14, 15] . A previous study [16] based on the same material as in this study, did not show any significant difference in the duration of exclusive breastfeeding between diabetic patients and control children apart from differences in some subgroups. For instance, diabetic children born to mothers over 32 years of age were breast-fed for a shorter time than control children. Virtanen et al. [12] found that both a short duration of breast-feeding and an early introduction of [17] . However, children who are exclusively breast-fed do not only avoid cow's milk protein but have a lower energy intake than those who are exclusively bottle-fed from birth [18] . The lower energy intake results in a lower growth rate from 3 months of age [19, 20] . An increased intake of food increases the demand for insulin. A high insulin secretion may increase antigen presentation of the beta cells [21] [22] [23] possibly leading to a risk for later autoimmune destruction and development of Type 1 diabetes in predisposed individuals. Thus, the slightly protective effect of breast-feeding against Type i diabetes seen in some studies might depend on its effect on energy intake and growth. We therefore decided to look further into growth during the first years of life in a large cohort of children with Type 1 diabetes, to study the possible effect of breast-feeding on growth and to investigate if difference in growth or type of feeding might influence the tendency to develop Type i diabetes.
Subjects and methods
From five paediatric departments in the southeast region of Sweden 329 diabetic children with age at onset of diabetes ( = first insulin injection) less than 15 years, diagnosed between 1974 and 1988 were invited to participate in the study. This includes all the diabetic patients treated at the paediatric departments at the time for the study. Of 329 patients 297 (90%) agreed to participate. For each diabetic child three control children matched for age (year of birth), sex and geographical region were selected. The matching was done on an individual basis. The control children were traced through the official Swedish population register. Of 977 non-diabetic children who were invited to participate 792 (81%) accepted. None of the patients or control subjects were siblings. After informed consent was obtained from the parents copies of files regarding growth and infant feeding habits were retrieved from child welfare clinics. A good correlation between recorded data and information from the parents regarding feeding habits has been shown earlier [16] . Height and weight measurements have been read as standard deviation (SD) from growth charts used at all Swedish welfare clinics and approximated to the nearest 0.5 SD line of 3, 6, 9, 18 and 30 months of age. Weight and height in kg and cm could not be used as the children were not weighed and measured at exactly 3, 6, 9 etc months of age. Approximate figures in grammes are shown in Table i to explain what the SD difference corresponds to. The number of weight/height observations up to 30 months of age was 1,625 for the probands and 4,090 for the control children. The total number of weight/height observations was 5,715.
Statistical analysis
The results were analysed by a two-tailed Student's ttest. 95 % confidence intervals were calculated according to the methods described by Gardner and Altman [24] . Differences were considered significant at p < 0.05. When there were indications of skewed distribution we also used Mann-Whitney U-test.
Results
The probands who later got diabetes weighted slightly less at birth compared to referent children ( -0.16 SD vs -0.05 SD, respectively, p = 0.09, t-test).
The weight gain for probands and referent children expressed as change in SD score from birth to 30 months of age is presented in Table 1 . The weight gain from birth to 30 months of age was significantly greater in probands than in referent children (p < 0.02). The difference in weight gain was noted in the first interval, from birth to 3 months of age and was statistically significant at all other age intervals ( Table 1) . The difference in weight gain between probands and referent children up to 18 and 30 months of age was more marked in girls (0.54 SD vs 0.21 SD and 0.56 SD vs 0.14 SD, respectively, p < 0.05, t-test) than in boys (0.60 SD vs 0.44 SD and 0.60 SD vs 0.44 SD, respectively, NS). Probands born to mothers over 32 years of age gained more in weight up to 18 and 30 months of age Compared to referent children born to mothers over 32 years (0.63 SD and 0.79 SD for probands, 0.10 and -0.02 SD for referent children, p < 0.01 andp < 0.005, t-test).
The weight gain in children who had never been breast-fed (10 % of all probands and 11% of all control children) was more marked than in the breast-fed children (Fig. 1) . Probands who had never been breastfed gained significantly more in weight from birth to 6 and 9 months of age than probands who had been breast-fed. Referent children who had never been breast-fed gained significantly more from birth to 9 months of age than referent children who had been breast-fed (Fig. 1) . No difference in weight gain was found from birth to 18 and 30 months of age between probands and referent children who were exclusively breast-fed (= age before introducting cow's milk containing formulas) for only 2 months. However, among children who were exclusively breast-fed for a longer time, those who later developed diabetes (the probands) gained more weight than referent children (Fig. 2) (p < 0.05, t-test for 3 and 5 months exclusive breast-feeding).
Children with onset of diabetes at 0-4 years of age weighed significantly less at birth (n = 88. -0.43 SD)
than those with onset at 5-9 (n : 132. -0.03 SD) and 10-15 (n =77. -0.05 SD) years of age (p <0.03, p < 0.05, t-test, respectively).
There was a trend (p = 0.1. t-test) towards a greater weight gain in children who developed diabetes at the age of 0-4 years compared to those who developed diabetes at 5-9 and 10-15 years of age. When studying children who had never been breast-fed this trend became significant: children who developed diabetes at 0-4 years of age had gained 1.13 SD from birth to 30 months of age compared to 0.22 SD for children diagnosed at 10-15 years of age (p < 0.02, Mann-Whitney U-test); difference in weight gain approximately 1.13 kg.
There was no difference in height at birth between probands and referent children (-0.19SD vs -0.16 SD, respectively). Probands were slightly taller than referent children at 18 months of age but no differences were seen at 3, 6, 9 and 30 months of age.
Discussion
The Swedish medical system provides treatment at a paediatric department for all children diagnosed with diabetes up to 15 years of age. As a great majority of both patients and referent childrenchose to participate we know that the group studied is representative for the population of the region.
The duration of breast-feeding has increased over the study period but there was no significant difference between duration of breast-feeding at any time between diabetic patients and control children [16] .
Almost all children in Sweden regularly attend child welfare clinics. The child is usually seen by the same nurse during the preschool years. Weight (without clothing) in kilogrammes and height in centimeters is plotted by the nurse on growth charts which are the same for all patients in the study. Thus, it can be assumed that the consistency in measurements and recordings was adequate during the study period. Furthermore, local inconsistencies would obscure the picture rather than causing certain trends. Both pro- Exclusive breast-feeding (months) Fig.2 . Weight gain expressed as change in SD score (A SD) from birth to 18 months of age for probands 9 and referent children 9 who have been exclusively breast-fed for 2 to more than 6 months. Mean and 95 % confidence interval (CI). 9 Indicates upper 95 % CI for referent children bands and referent children almost consistently fell above the norm for the growth chart indicating a possible secular trend. This does not interfere with our comparisons. Probands had gained more in weight than referent children during their first years of life. The diffeIence was seen at 3 months of age and was statistically significant at 6, 9, 18 and 30 months. Similar results were seen in the study by Baum et al. [10] while our findings are somewhat different from those of Blom et al. [11] who did not show any difference in weight for age between diabetic and referent children from birth to clinical onset of Type 1 diabetes. They found however that boys who developed diabetes were consistently taller than referent boys from birth. In this study there were no significant differences in height gain between probands and referent children from birth up to 3, 6, 9, 18 or 30 months.
Exposure to cow's milk protein early in life has been suggested as a possible cause of Type i diabetes [17] . The more marked weight gain in non-breast-fed children could be of less importance than being exposed to cow's milk protein. However, even exclusively breastfed children who later developed Type i diabetes gained more weight than exclusively breast-fed referent children.
A bold speculation to explain our findings could be that "over-feeding" causes an increased demand for insulin which may result in an increased beta-cell antigen presentation [22] . If this occurs during a critical period early in life it might contribute to autoimmune reactions when the same antigen presents later in life in individuals predisposed to Type i diabetes. Metabolically active beta cells have been shown to be more susceptible to cytokine (IL-lfl) damage than the resting beta cell [25] . This together with our results would be consistent with the tendency to develop Type 1 diabetes during periods of increased insulin demand.
In conclusion it appears that early weight-gain itself correlates more with the development of Type 1 diabetes than breast-feeding or non-breast-feeding or even early exposure to cow's milk protein. The lower weight-gain in breast-fed compared to non-breast-fed children may be the protective effect that breast-feeding has against development of diabetes which has been seen in several studies.
